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MSBIDBfl 7 u - A 0«[^li«g $ 5* :^ X 7^ t . 

co«^fla ic J: o T^iHim» ? n s fiJi838B« ^ n rcit^i^flg t (oisitc 43 it $ aao 

^^(D^mmmt-h. 7u-Af^is€mB«f*ti^)OB*[snif^$;3fe:£Ts:^ 

7L'-Al^iSB^mBttr5rc^t>lw. fitrEB-;*:£:$ntB#[g)flsf^tz'^ix3'u-ASi 
% leer s :^ 5^ 7 :^ t ^ « ^ e 7 u - A (5i»§jsj#:^-^, 

2. Hi*3ii cgBtt^n;t:^i^lc^3v.^T^ msrasmii. &«^iii|gicfijriB8B 
«^Fnt«JiBB(^aB/^5^->i&n^'r««**6(;)S^;t-r5a^ii«^i&tt'&t>-ti:, 01 
SB^gMWiDiists^^ * ^it r 4 :i t j: u ^§ e. n * 

3. s^^*^2^I8Btt^fn^c:^i^lz45L^T. s»$ntffi8B^^lii|gcm*;^^^it 

<^ tt li . mm t ti n<?>«-&tg*sc3t^jt;r 5 ^mm'^y^^ + 7^ JKom^-i^^ib 

5. SB^^l tz8Bte^fn/c:^-Sl3^^,^T> Bn8Btt{St(7)+SIWem*^e>:7U-A|^ 
eS^II8B«-r5fc«)(0B^|BHBI^$;*!l:-r48afiB;^5^-yyti. S583aa(7)*§M*^^ 

1 2. a^^l 1 tC8B«$tvt:^)£C*vvT, fin83^2iR&ffla, ^U-AIP)ffl 
Ji^ ^ ^ r «> (7)13 8BftM11 J: t> 1 1 ^:^ao 

1 3. tt^^7^z8Btt^nfc:^atctil,^T. S4iBBem^i^ &«^ig«gtwB5IBIB 

mm^aym^m^ s -^g+r * c <t u e. n 5 yj^o 

1 4. tB^^i 3lcgB«^n/c^^lc*;^,^r, mu^ fitzmim^mmzM^n 

1 6. ^®iei£-;^^^s^£il&v:^5^A(;)Sftssatc^5^,^T. 

^'-'jX^gS (F F T) ^at. 

:7U-Aflt^ictieoTiaiSfiB#I5JK>-r >ffl^W58BF F TSI{Iic}fi#tT*fc«> 
♦Sl»fem$^^r5/^cit>ic. v;^xA(7>Pffl7U-A<oa^ii^SSB?tBSftSI 
tl C T 8Bt8 ^= n t [plJta / < 51 - > 1 4gM r 5 to <;)4SB8»a i: . 

B98B7u-Aaiw5iaKr5/::*c. fljr8fi8B«$ntiPi«s/T5'->t, m8B[^ 

^^U-A(D&e$|BHB^tcJ^*&T5ffiflB«^tSe<0§1t-&7^'P-5^- V a 
■rtl^ffl ic J: ^ TSIel^ » $ tv 5 IiI83tt^4S<§ t (DIBJIC * It 5. ttao+SM $ SI?t 

r 5 c t tc J: $ n /cstisiffl^ic <t o t . mmm «fc u t>'j^ $ t ^ffii834aMBm 
i^vj^xAfDsms^io 

1 7. n^^l 61C8B«* ntSfiJIlltc^t^T. fig8B^ffiffijllificom#-»« 



4$^¥ 1 0-5 0 2 5 1 1 

6. lft^]i5lc6^^R$nt:^atri3t^T, fiirfiBg2Ktgffia. ^u-Apsflm 

7. »3t^1 (C8B«$n^:Stt[^S^Sa^lB<KJSv;^7^A(7)/^toO:^SlC*;i^ 

m[8Bv^xA<7)i*tI$ia:5l>*©mS5EIB]tCl3lt5»^iKStPl«flCOfctoCOp^ 
St ^=&T 5^11 ^ f^ffiT 5 :^ X -y r t . 

* Bt8BSiSa K> -f >irM-r 5«^ii<SC^«r *;^^-y yt. 
«08B&ffl^xP-x-va >li. MB31 7 U- AC0#gE«SfS]p*3lz n/ j BtlBIiB 

8. If^^7lc8^«^nt:^atr^jt^T, mt^mmyi^-i^u. q:7u-as 

9. a^5i8tcg3«^ n^c:^i£lc45^,^T. S58Baffi[(7)4iraii. i^-Ttt*^ 0:^15} 
^<D^ :7^-A^^ISfiEKBIB)^04i-5^$T'COB#|BJ^B^lcA^^5-r*N/ j 4aM^^0T 

1 0. fiS*^9C83«^Fnfc:^atci5t^T. N(i5 1 2. j l± 8 . ^ LTQU6 

1 1. lS^^7(c|3tt$tlfc:^^^c43L^T. irf8Ba[St</)4iB9JS^A^e.:7u-A[ii 

m S ^83«r ^» ^: «) OB#[BH@i^ ^ -r 5 8983:^ 7^ -y ^ U , m83«SS[<D*@M * e> 
«ai?e4iMjSmS;*S:-r5:^7^-y l5S3»Jia*4aMJgm*^m 2 
SJi^ictS. fiiI8B«a^f4iraiemci=f;t;T5ftirgBS#(5HS^^»iR-rsxx-yyt 

^mmw^iK-fKi^ V ^ 7^ A IC 45 It * 7 U - A i^KB 

c(7)^^^ij. ^s«silll>fia!latffil^s^£i^v;^7^Atc|^gb. it$c. u^Ttc^fi 

ffi3^iSv;^7^At UTfBSSglc^^-ie^nTi^* v:^7^AlctiCt*7U'-A|^ffllzM 

#Mffii^>SS!ESOI^Sli^ ^?Llfv John A . C . B i nghainlC J: »K IEEE 
Comnuni cat ions Magazine, Vol.28, No, 5. 5 — 14^ — v 1 990#5fi» 
lZ43lt5 fMult icarrier Modulation For Data Transmission: An Idea 
Whose Time Has ComeJ CtBttd nTl,^*„ — flSeUtlSai e> tlTl^i J: •? IC, 

Wit (SNRs) c*Sc?^r*:^^T'it:^ffiiSisicwu^T6n5<0T'. 

±8BUfcDMT^H^^l^5^fiffi5a^ifiv;^7^A(08ffflAffSS$nTi,^$« 
if(7)J:^5rJifi>:^7^AtClil^Tt>, DMTXlHife<0^fi®53^ie->;^7^AtC*i 

tt^s^f^5ai:s^t£l^tt^^rair*t^THa3%«iu. ts}#-reitA^ai^T* 

So SiSa^SaU. J.S.Chcm^lCJ:S^ttS#fl#SI)lTlEK4/'93-022. 1 
9 9 3^ 3 B 8 Biw*ilt4 TDMT Initialization: Parameters Needed F 
or 

Specification In A StandardJ tS^ ^ $ «!: •? tC 
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&7b-A. HuvO. 3ltiv>5jt;Ki. ;^<0«gl*. -ffijilti'. it] 1 7 0 0CO 
t'-y ha (*t)2 5 0 /^ sC7)->>'-^'Ji'S8ratCjt)6. 8 M b/ s C7><Kj^i^Jt^i8?L S 

a IC *3 It S 7 U - A fllf^ t <7) M la S & d ^ it 5 o 

^ r s t T $ ?c t ^ 4!Ls T ^ 5 o 



Jft (FFT) 7U-Aflt|?(C'(i^-:,TlS6®fiB#IBJK^-f>1iSfiJri3F FT 

$lll(:lfi«t-rs/c«)<o/<'y77'i:. 4iMlsmt^fiSE-r5/cat»c. v;^-7^A<;)[^«8 

> t , msBPiss u - A <7)^Bsra<i^ (r * fi38a«^ig«g<7)s«-& 7^' p — 5^ 

- V 3 > $ tt^lB tc <i: o T^EISK d n Sfi58B«^ii© t <0(5J(;*i It ^«3S[ 

S Hfr-r 5 C t J: t; $ ti/cB#fBJiB^tC J: o T . t>'Jv ^ 

mB4iMeSicJ^J&L. fi583«lg^c4SMemtJSlRr*Sgffll$Sai:^«iL*o 

ti , El® t ^Cii/T08ft^ * #8B-r 5 ^ t tc J: $ e, tcS» $ ti * T * 

fcmBtt$n^^fijfii^a^^ra^ffii^5^Ei^s>;^xA<o-as€^UTi.^5<, 

Ei2ti. Ell C0<5ig'>^xAC*itt5 7U-A|lIS§(0li^#. Stm8BtgC7)/c» 
f/c±32:^(a]Stt«^a (S^Lictvj/gffgai 2i:Pl«) 1 4 t 



1 0 - 5 0 2 5 1 1 

u-A(75«^tg*a^8a«re;^7^'yyi:. *sra^m*5t^-r5 t^ic. ijjibiiisb 

7U-AC7)|g8B«^iH@€. tB«$nytfifi8Bl5)fifl/N*^r->rt^i:*eM-r5:^x y 
-^t. B58B^SMemA^!R^J:»J t>'h$t^A^SA'£;^«U. A|^»fl}i;i^£ 

3t@wsm^^^-r^t»tc. iii8BiBi«^n/j«^t. ffjsBSBttsn/c^^ti^gt^ 
&a^^'o - - -> 3 > § .T^T -t n -rnt^it^iB tz J: ^ T^ni^w $ n § tiriBSB 

«^tl/c«^4i^ta)I5Jl3^ilt5«S[<7)+gM^||^T-r5;^x■yy^:. S^^xP 
-•r-va>t4. STriBIP)S87U'-A(7)&B#|B)li^tzJ^f5-rSC:i:i:. ttStco^SM 

emA>e>. 7u-APiRB^^8Bt6-r^/c«)(7>B#ra<@^t;^:£-rs;^5^-yyi:. 7 

U-APlSfl&HSBtgrSfctotc. B08B)*^^'ti/::Bt|Sl(i^(c?Sv,v7U'-Am-!?$ 
Ke-r«.^7^yytS«iL5c 

FiflJt^fiSS^SS<ijSv^5^AC0t«)O:^iilz45i,^T. faSBv^^^^^AO 

^^fflt^^^T^-y^t. I?r8B5^m^aiC*ii,^T. N;K-f >h3a$ffii$7-Ux^lft^ 

yt^ i58BJ£fi^aic*iit* K>>r>fia*|ti8Bp;fSS>&S![<7) j ^<;)-tt>7''>i>r:^ 

®>^atCT'9->y'J>^T5Xx-yyt, ZZV \ « 2 i 1 1 

. l58BSttiSac*5i^T. N<K'f > hBi$7-UxS!«5^^LvTB#IB] K^-r>« 
$figSBSieSStKy-l'>4=<0tt^ig^(cS!mr5:^x'yy4:, fitr8B&tt-&xn-7^ 
->3>li, f»IBl 7U-A(D7^gESfl|BlP«9(ZN/ j B#[BHg^O— otc^t^fSr 

§*iWiS^t±. &«^®(@lzMaB8B1«$n/cS08B™/^^'->^^T«^A^e> 

(7)j^;Gr5«^i^^@tjtnt^t>-a:. Bir8a*ai!a«<7)^3s®#5-&i+T5»ii:icj: m 



3(t:^[fi]^of£i&t'-y h^jg^sc^. ADSL mtm'r^ v^}mxmmWi) ■> 

tt^ai 0 14, ^^^b^ia2 2. :7U-A|^ffl3ESt5IJV-;^2 4 . ffdiltf. 512 
>h 1 F F T^Ufff* I F F T (iSF F T. *5 l^t4>SSi$7- 'J XS«S 

) Ka2 6, aSRT'u^'f ^?;til]JIJia2 Si/d ac (xw v4f;^-7':^p 
<:^^JftSia) SU*tli^ffll!#f«^IslKl 4 lZ3le$nT^.^§7<;^^^^-&t;$sa3 

0 ^^B^Tt^5<> 

MS 2. ;5t>^ADC (7':^P^'-x-f v^^ua!85$ia) . B$f5) K> < 
a (T EQ) . /^yT'T' 3 6, 5 1 2 :K-f > h F F T^Hnr^SSaS 8. 

ssiKpfoaijbKa (FEQ) :&vf\^'hi^^±izm7-'-^^m^r^n.'^imm. 

4 0 ^«jlTi,^«.o /'f-y^T 3 614, F F lUM.^ 8 tZ^tt&T ^.ft^ t ia3£5IJ^ 

»-r5ti()(c«ig6u, ssRyu7-f c?;^{4F F Tsas 8c#^«g$nt=. z.zr 
^i^nso Ei^^^nTi^ssttJia 1 2a>fftcos^t4. sisasix^u-Ais) 

/f;^2 0±<7>T-a^Inlfi^t4, 7U-A4'tC-5>ffl$tl, ^^<btta2 2lCJ:o 

T, I F FT^atz#tt&$n*®iS&Kp' -r >^fiffijSifiv>*'^i'+tcx>3- 

K^nSo Sx-5'<07U-Al4, v;^7-AlC43tt5^S01^3^ffilSi6, X14S 

t;-fftTn(O^fiffiSi6lCJ:oT0^$n5o eiJ^Cf, v:^xA{4, nX4. 3 

1 2 5 kHzC0HiSa^^-p 2 5 6fflO(B»e8a5lt4-9':?'{Bl^i6t«Sr^T'& 
-59o ZZr. nt4 1 -2 5 6<aST'OWK^5l^{4ffiH£iSjaT'*$o SSSBig 
<@IC14, eSittf, JiSBR. R.Hunt#(C<t:5B8atiiJS4«tcBBi^$tl/::J:9«rt:-y 

fSlF*9, mitf, tt)2 5 0 stcS#KlC^^L/Tffl*J^Te»n5tr-y Kat4. 0 ( 

2 



^PUBa^lJ^-tt^'IDIS^U-Ali, ^#^b^fi2 2*'e> I F F T|!liI2 6 
S[5iJ(7)8#l51K^>r>HKA^Si;?fiU(C$ltB2 6^iU'2 8 [BJtzJ* A ^ n?#$) '^(Dx 

flR7^U7-f ^;^APJt^a2 8tr#t{g$n«»5 1 21lC?)§IStfBB#I5)K^<>it>:r 

TS. DACSa':?-f ^t-^r^aS 0C^t^UTm^r5.o 5 4 41@C0it>y^Hi. 
I F F T^a2 6CctoT^X.e>n^c 5 1 21iC0-t*'>rJHC^ oTtt^S ti. S 

7-1 JSiXfmJ^it. mklt. J, S.Chow^lCj:5rA Discrete 

Multitone Transceiver System For HDSL AppI icat ionsj I EEE J 
ournal on Selected Areas in Comnunicat ions. Volutme 9 , No. 6 , 8 9 5 ~ 
9 0 8>^->\ 1 9 9 1 ^8Mt::j:oT^e>nTi^5.o 

etlKdi 2C43i\T. 8 $^M.r©jt^n/ift-%n. b#ibj K^-f 

>^1b$ia (TEQ) 3 4tC#tt&$n/:^S«SJMiSv>*'Jl'^l^, 5 4 4i@OiS 

L.Tfflt,^e>n*o utA^oT. c:c7)^s9(3ii|»j^Te>n*/'t;^2 oilctilt 

ilt±\ 64X4. 31 25 = 276k H z (OSiSfiS: 6 4 §11 (n = 6 

WHSifiSSCO 8 fS, *5i^ti. 2. 2 0 8MHzT'*So CCOMO^li, VJTiZ^ 

m^nmni^mn^mmri>. \ f f t^iii2 eicn. /wn-y h^scog^rt 

1 0O2. 2 0 8MH zCHt>y>l>^?Hi6S!tT'l^8§$n5.i:tt>lc. ^tl3 2 

tc 43 It 5 A D c icrar a-y-^yyv-^^c^n-yc? ti# ^ 00 4 8 ±ic^^-r 

^ffllTKS^HSia (VCXO) 4 6t<8ATl^^o F EQSU*«"%^bM3 6lt 
. 11615 4 ^^UTlSStl^Wn-y h#ia£Of44e«^t<a+S$9ffll^tt 5 0 icj# U 

SiS*>>'-^vu<ofc«)ic^i^e>n5K-7u-Aa^u. sft^sMi 2<7)fftk 



1 0-5 0 2 5 1 1 

2'vm$&$n*o TEQ34U. <>/fju;^;&s:co:^®^$ @iayu7 -f 

>y)i't^mi'. mmzn^y-f 17^03 2 e-y hm^sns/^y 3 sizm 
ts^n^o c:ne>5 1 2ii<0B$ra <>-9->y;Ki. 5 1 2#<> kf ft^ 

a3 8CZ^J^$n. Zl(7)^StCJ:oT. 0» 4 0 (Olivia K^-r>i^^b^5B (F 
EQ) izmt^^ii^ 2 5 6<@(7)«^miStiflg$«il5gl;^g)tK^-f >^gaaia^>^ 

F E Qli. &2 5 6<r>'^WZMy^xn^it^y>'S>yr (o n e- t a p) 3 

^^^b^a$«ilTt^5o F EQ^wm^imm^ ou. ^xtr, ±igu/cR. 
R. Hunt mz^ ^mm\iim<7)m3 izm^^ fitcm^'^^ z tffx t ^a 

3CT'ti83featc^ii^'^Tl^^ft^A^ ±8eL/cj. m. c « of f i^? 

l3j;5!5g3ffil±ilS4='tcSfc^g$nTv-^5.i:9ir. J^ff^a 1 0 SU'Stt^a 1 2«t 

iii?si 4. 1 6<Dmmimt[^x. ^mtmm^ osu*©ft^ai ziztna^ 

J^lt^a 3 0 lC*ilt*D ACtCli, D ACftff^»-r5S*-t^>yj >'?'©>fiSS[ 
ICT. 0^4 4 ^^OT^P -y ^fg^Af'^ig^nSo Sfi^B 3 2iC43tt^AD 

c ic (i . MjssiiffiSfc-piDaB ? n 5 c t n 5 ( 2 -:>0m'>&mt^'km-T 

ti. 1^->:/;K7):^5' -y (stuffing), rtif . t-'vp^ -f -> 3 > < 

decimation) ^^TU tiSS^m ^tBSST 5:^-^T'M3ffii^lt b nX: *j<7) 
T'^oT t)^\,^)c 3^a3 2lZ*itt5 ADC(±, ^^T. *tfijba5fciOlC^a 3 

oictiitsD Ac<7>-9->a'j>cfj^iftS[tcTi^Kir5t><;)tr5c m'^?Simm^ 

iSmr^/c^^)tc. ±SSL^cJ:9(w 2 5 6<i<7)WK(7)1 -oti'^mB^iZJ-i'i a y 
as 8(Dfc«HC'(sl^$n^f ltn(^'4-64'^,^o Sfg^ai 2Ctitt^7U-Ajat^ 

li. ^n^'ncoHvmKy-f >^fiasj|^i^v>^KJnc^«i^ns/ii(>c5 i 2i@ 

<?)&B^ra h' >rJi^<Di^<DmWf F T|Sia3 8lCSt*L.Tmt&$nfcA»& 
±SBU/c.i:7lc. Jl^miSai OT'li. 6 8 <@COt-'- :? A^ICPISB:? U- 

4^T-'-^^^A,T't^So cne>a):^a(DF*3<D— tp^iuTicfiti^-rs* 

i^flKai OCT. :;i5^5ttwfieL\V-;^2 4CJ:oT#$5 1 2(D/W:#-USJia 

xlp} = l pll. It>^h9 

x[p] =x[p-4]©x[p — 9] prtlOA*b5l2 
^-r-. xCp]ii, SkJiJfy h p c0 2ifefeiS:-C3bD. ©(i^i^^a 2(D*afe*r.T;L 

TV,^5,> CCOSJt$IJt*-y ha, 2 5 BtOt'-y hJ^lC-yjU-y^b? tl. m^ t* y KM 
'J^Te>n5X:^JU^«0T'&5) Otzi^iZ'^m^n. W}02 S St^t'y hJ4 

(0§Hiz«i»;^Te)n, ^t'y h«A^S»m* 4oa)ffl*^t)-s(o, o), (o 

, 0), (1, 1 ) PSB7U-A<0^tl^na)WH<7>4-QAM 

.-KO htC^^LTHiS^ y^^nSc St^ftitilf. St'-y Ki^tt. i^JtST^U- 

A(D^n-fn(?>#fflicis9UT I F F T^a2 etc^jg^ns, w^m^^mxx 

'y:K7-h.C^fz^ KZ^tL ^ n t' y hffl U S T T , v >;^';u^ 'J 2 t' y 



'jZ^S<7) V, ^ C 1 3t(f SJIS $ +1 5 o 
:7u-APM(zr4l.T. Ell (c^r<t ^tcSftStB 1 2ii. i^1f^{Btr*i it 5 

A>'^114 OtC*3lt«»FEQ<7)tiJ:?3<ll!*»e>#ttS^n54iBag60, SU-'SBW 
^116 2 SHe^Ti^Sc, |6iafl:7U-ACMUTffit^e>tlS F E QM33tti. x-^? 

T ic ;t ^ s J: 9 ic u ra^ 5^' p - 7^ - V a >ffl (c J: o T $ n fctsstiisira :7 

U-:7U-AP^}^^^S6 8 ^<»ilTl^«o Kite 811. 3'U-A[liag(D^:&3l 
§Sa0^^tg«g^^LTl^*ii:#^S)S?n$<, El2 4'(7):fPv'? 8 2tzj:^T 

. ieig3iiisB«^a6 2*^e)tftt&$nio zo^mu. uiTiztsimr^^ou. 

. swraxiiat^igtscMUT. mmif'tii^ti^mz^^r^tzi^izm^^^ti 
(ft'^tata^u^f^^r^o fsittc. m^i^m^nxx^^^i^imnom^h. 00 

L xm^r^^mommw-nw-y^m u (^sffiiSie v >*';ustc^i?icMSi 5 n 

f5. SlfSNRlJ, ^fetr^gautR. R.Hunt^:glf P. S.Chow^ir J:5Miltti 



1 0-5 0 2 5 1 1 

yi^-L.mmit. iiiTiztmri>j:otjyjmxmAL$ii^o ?$£oa»m'^(c 
*^,^T, 7u-A(^9fi(i. m:^^iixy^^^yi--2^mmzmnKi^mtthhfz 
b-rc:t4-<ta}#?nSo WTcsftRg-rsj:?^. c^iawmt^ciRT'ti, ^im 

o/;is^tc(i(s>mi^sflA''3^nfcis^(c{±. sm^ai 2(im-;^i s^^t-tr 
mzmm±'pm ^htz^rox. * ^ *j mmr set a^t $ 4- 

tztkmm<Dyi^-M.mmm^t^t£\.^ii Lxh. ^-i-^^m^um^htz^tm 
m<Dyi^-x^mmm^iz^r> x-m^izyi^-i^wimom^v^t^'H^mt u *is^ 

«^g3g5 8 6 8<7)«IMlC-:>l^T. 0 2 ICi^T 7P-?- + - hS#P.L-p 
T^U-Z^l^immtC^ii^TU, m2^0-:fn y<7H 0\Z^^X^^mj:^iZ 

iss>fiv>:j-;jKi. $ia4 oc^f EQ(Dtii:^<aii7!)^e.ittj&$n. iBit^ae 2icib« 
u^^^o E!2H. :kmmnyi--i^i.zmti>:^o-j<7Z o^co';^'-^/'?;^ 8 6 

S^LTfc^K ^<7)I5]t-'-4?H. <tfe<7)7U-A. ^ 5 l^tS^SffiiSiffi** e>^B 3 

8. 4 o^tn-LTIDi 4'C0i±i:^n;^ic^i&$nSo «^tli±. WiKfitHSt^ffi 

n * in tz . Mjsm o jsasftB /(^ iiSEi^ifiB ^u-Aizwr* t l ^ s it 
^zt^m^r^fctf>izi7^>^ifm7Lbnm^. 

^CU. I212 4'C0:^P7'?8 8tc^?7t-5c 

3^D y^8 8(ZctoT0$n, liiTizumr^^oiz^ mz-^^^ntzyi^- 

37U-AF»g^$. _L8BC0J:7lCUTM*>f^lt?n/;:V-J^5 8 e>(7)f^SflS5U t 

*srasi+So ^oemt UT. mws6 on. cne> 6 4i@(osx-4'7u-A 

CCB8-r«>6 4<SC0tgMfem$^T5o El 2 4=<03^P -v •? 9 0 tc J: oT^^ *i5 
<i:^U, >*3£$ia6 8(l. c:ne»(7)+iMemA^eil3fi4 1 -^<7)4iB8feS€;*^U 
. (I124'tO:fPv^9 2tCJ:oT^$n$<t-?C, in)t»f?IPlSfl«t@ttTH€S 

^^t^mnmz^m^ mi'pizmTjk^i^XK^uy.^if. c:a)ts^lco^,^Ta 

UJSTtv aia^-/^7U-AtcMtT. S^^Sfl^^^f||^T^n^l^l^c::^P*y;?8 8 
:f Q y ^ 9 2 U*i t^T>*:$ $ H fcft^ T H t ^^mt&^iZtm I.X. iU 
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TK^-r^«t 9t^, /fX 7 0 ^^rt^c/v'-y :?7' 3 6 rtCO.-K-T >5'C0$II^tC J: *K 
^nt^^ Z(7)^M(±6 8-6 4 = 4i@COx-l>7U-A3!)ff5$^!f UT(.^eiSJ(C|| 

jsj#$n*o mxi£. iiSLfct ^tc2. 2 0 8MH z<7)i^>y;>0'"^>^S[. 

mD^^t* ^SCi:«^r't5o 3S^CCti. r^P-y 8 8SI/9 0<;)iEfLSAff. 7P 
■y 9 2 ic*i It 5 W^fit)4'ism* t 6 r C t Zf^KticSflS $ nr ti 

SB 4 ^^n-uTseitssas s Ageisms n 5(^sss!t5U(7)fi^<^ it $nx:tt^iiOi 
/^fcSfflT H <fc t>3aA>c/jv$ t ^^at-rnif. e^raffi^/j^-iK^T h 

?t*i:v,^9+aM4!LSli+^tZiEBiT'*So >*^^a6 8li. ^ tltc J: U 7 L^- A 
m^Jiii^ $ ^fiSc L/ rcB$ra«^m * ifSI|H>*;£ 0 . * ;t_hJ2E L. J: e> tz 7 0 S 

:fp-y^8 8tcTi^dny^ctgMem*^!6giBTH^sji*v,MS^ct±. ±i£ 
^ify L'-L.mmi^^^m^^ ^tz tt^m-:5ii ^ z tffxt ?*#<0JS^(ct± 
r*c:i:icj:»j 1 y\^-x^^i}t:kt^jmfs\m}%tmr^^it^ztffX't. ntj: 

5,7U-A:^':7> hizMr*JilB:^x y:>'*f»*J5SUf7*5n. zo^^^ti. «[S 

^Ct^o ttm^lSCi. 1 9 9 3^5 fi, 1 9 9 3amiZMr5®(3?^»( 1 ntern 
atlonat Conference on Coonunicat ions) 7 6 1 — v** 6 7 6 5 — vtCti 
lt$ J. S. Chowi|(C<j:^0^ fEqualizer Training Algorithms for Multi 
carrier Modulation SystemsJ ICTK^$ txTt^^tt -? IZ, SftJUll 2C0T 

EQ3 4icrar«as:^as-^ATa>§o t eq 3 4(0HS)^^7-r5t. if 



^^mW- 1 0-5 0 2 5 1 1 

^ i £ iT.14e, -f'^fct., f<k— ■ ■ W„-""Kfn> -Cfeg). W„l^-»lI-& 

jiie b /cIeiM V x a T' u , mmmi] w n seflsju 1 1 r ^mmzm » j is ? n 
lai^t* (i.isscIE^i^iemi:^:fctzps§7U'-Alc3g^^n^#5o 

S>0Stl^aB*'±i£ U>::J:^lC3SnTi.^5fS). vJ^7^AlC43lt^:?U-A(§)«S}i 
/^•yTT'JK'r >4'tcr58UTM'-y:7 7' 3 6 U-fttJ&S n/cx-^'it >y;i'COB# 
fSUgf^lCJtftf ^.o ClZT'lft^L./cJ:-?4-->;^7^AT(i. it >7'U >^?"SIiS£ittt 
^iSS[ISJSfl<7)^c«>(C^s!ffi$n$/WP y hWIH(08ST'&U. C(7)B#|BHI^IJ. 
±8 1t>yJUC0Saf&t LTO^^^Ut#5o N=5 1 2 ^ >zfJ\^ ( 
5 1 2'-J^<> h I F F Tga2 6:gl>'F F T^5!l3 6) €#dJS^tZti, 
A. 3lti^Mtt6jl^;&^/w»J 5 1 2/8 = 6 4 1i0^g|B#|S]i@^«f#:£-r $o 

e>BrgEB#iBng^(7)&>?ti. JllB^^tc^^ev,^m3^«6 ecji^r^ffl^ 6 4!® 

^-r^g^cti. siEsi/^:^isi^<7)7u-Ao^*i^*T'ic<t*jB#iBm^%^^-r 
^fzisbiz^ 6 41@(7)oIfieB#I5J<B^*f^l^e>n^* mm-rn(i\ ^3t§ff6 6cj:5 

H-^T^P-T^-va i'^-jVt 3 6tz*ilt*7''-5'1f VT'-'UiT)^. 

±8, ±1 6.... ±2 5 6£/)it>y;ncB8r5^ n^n<0B5iBi(i^tci>tf5-r«» 

i7)-«^fc' It JtJ'-gBtg $ tl 5 1' It T' cfc V, 
iHl2 4'a)::' P-y^ 8 8lcBaL.Tti. iilBU/^cS 4 ISCOx'-i? 7 U- ACO^» (i 

«iB)<7)tgj^au«:Mu. ^!j8fl7?u-Apai^ig#t-r5.^c«)izffii,^e>ti*. sm^^s 
ii43it5^filBili-;6'>>'+'ji'. 5iW37u-Aat^^i^>^>*:£-r«>lssltfi#tzi!g 

F EQ<7)tii^<9t**e)lietlJ$+l/::fll«t'S.(K F ^ Cxmm^MWm'^^n'&'K 

/»>Xf>sis^. $fe-rF EQfip.aojfiis*ffi;y^*?-a:€>R»r^ctAf^Ci^t 

aSti#ffl*-&t5-ti*ff«EtJ|$tl. ^tzT^^- K6SJitZT*@SffiISt(DCf'J'y K 

«rgg7 u-Am^s5ijco&#gHiziwr * s n r ^m^t^z t\z^ ^)mm\:^Kz 
>*^$nt^ + ^jp;&s. su'fta^rs N ^*mt^^tzh-^mmvu~h.^m- 

A-f P y hWH@ifia<7>8^T'*5i:Jii£$tiT*>*K C n3t(f±:T(7)lS^lcS3e 
^ tiS*?ltT'tt*v.^t)<OCO. CC0 2<75^SfiSStC7)BafiF.ti. §(1^*1 2CTIIfT 
^n^T^'-f >5'JUm^«aS€mfflfitJlwmf6fbr5COT*?$Ui^<, K«CUT. 
-/'c-7U-a^/jUQ=6 9ffl<o:7U-A<0:^# S lix :^-/^:7U-Artic^5c^ 
T7U-A^>:t*J 1 -P<7)S^T. ±l£L^cJ:9lC>^i:aSf^«S37U-AC0MtZ. :? u 
-Aj»^<S^^||f7r5t«><?)f'tflQB#[Bl$rF§T$<0T'. ±2 5 6^T'a)-tt>y 

K (it5(C. 2-:3(7>ei3l:^fS]tCBaUT^«f5ei£iSg. ^^r^^ I FFTSlFFFT 
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[IfittlBl 1 9 9 7^3^1 IB 

mi3(^^ 7 u - A ^ K«-r ^ ;^ X y y i: . 

ffir EBPISB^ < - >if «l t ffiM T e ;^ 5^ y t . 

(oa-^fli tc o T SID s It n * 89 8Bsa« $ n t «^ig*s t <orBi ic 43 it * aao 

7U-APlSS^||8BttT5>t«>tc, MaB;*:£$n/cB$|BHH^tcm^:7U-AJai 

# $ I8SE r 5 ;^ X v y ^ s « il 5 u - A [Ria§liJ#:^ao 

« 5 n BO 8BPffl/ ^ - > * ^ r «^ e> coj^ j5-r 5 u^iig ^ m It ^ t) 1* . 69 
8B4iMni<7)iiss^ s ^i+r 5 c t u tm e> n ^ :^i£o 

3. Bi^^2C83t2$nt:^i£t;*ii-^T, sw^n/cmBtt'&igeicfi^f^tt 

4. ^B3^«3tc8^K^tl/c:^atc^3^,^T, m»$n/c&«^tg(icj^r*M*b^ 
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5. aatiii 7!lSffi^^I4(7)^,^-f n/)^cDM^TH iiBtegnfc:^atcfev>^T. 

6. W^^5t3EB«2$n/c^^lC*iUT. l3IBm2|fegti|H. 7U-AID»flm 

^-r^tfxofitriBKtSfia^t *j t> 

7 . 1 T^^^M-m 7 ti^COa^ii tzlBtt ? n/cSte^ £#183^18 

{eJs^ V :^ X A y^c » C7) -Js I \ T . 

iillBiMmi^at^ii^'^T. N;}^<> ^aS5BJ^7-';x^^^S^^^,^Tfi^|gBD>Affi^K 

^ fi?IBSiSSt K ;< < xcBSr $«-^ii<s(c^fiS-r S y t . 
B5IB&^^xn-7^-va >li. S58B1 7 U-iKW^^SfllSlF^tc N/ j B^fsm 

8. »^^7iigfi«$n/^c:;^iStc^t^T. Bii8B!Pl»fl7u-Aw. Qyi^-um 

9. w^^8(clBt^^n/i:^i^ctit^T, anaB^stco^gRati. ^,^-fn*^(7):^rS] 
1 7 i^~i<omtmmr3\<r>^^^r<Dmrsimm:LMf!^ri^N/ j ^bm ur 

1 0. W^m 8 S.tJ gB^^ 9 CEBtgg nfe:^-;^Cfei.^T. NtiSI 2. jtiS. 
^ UTQti 6 9 X'^^yj'Ao 

1 1. iaa^m7 7bMffi^jgi o<7)l.^-f tx^^(;)88^^ ccgBttgnfc:^iac-feu^T. 
MSBas(04giafem e. 7 u - A t MSBtBr s it) o B#isnB^ $ r * 65 

1 8. tB^JSl 63lt±tS^^1 7tc8Btt$nfcS^i£la(C^3^,^T. grrgBtlHSSS 

xtp: = 1 pti, id»e9 

xrp}=Kt:p-4iexrp-3] pmos^bN 

ccT'. Ntii oi-:i±0SSStT'**J. x[p]t±. m83^1Bl^Stf^^a5tj(;)^p#gco 
7'<?7^-< :/^t®-:ssfc#si;jt^*S'r5^^^?->(7>^ne>(os<a$^t;e>rBB/^4'- 

2 0. W^R^I 9lcgB«<D:^-^C*foT, <KSSn^cfiOIB/<^f->(Offili. 6583 
2 1. K^^l 9Xl±K^^2 Otr8B«<0:^^^lc^t^T, mi^B^^:^^ -y zTii. 

fl5iB/f - > ^ 3S:ffl65ct£iJir *:^So 

2 2. W*1S1 9;bSffl*^2 1 C0v^-fti*'<0W^^tC8Btt<0:^i£tc;fov,^T. I? 
tZNifl 3 0 J:tJ:^$tMa^(Cll. Iir8B/^^->lCtilt5»gl 2 9#B. Sl/M 

1 3 0#@(7)fiHli, oic^«$n5.:^i*o 

2 3. M^^l 975SK^^2 2 (TJt^-f n*'<7)Bl^^lclB«(7):^^lC*iL>T. 
B9BBNIJ 5 1 2T'*5^j£o 

2 4. tt^^l 9 7bSa7R]l2 1 COt^-f *l*'a)8a^]f tCgBttO:^ii l3 45t^T. fiO 
IBNit(f5 1 2C0tS^lCU. 6Ji8B/^i>->C?)2i£5atBtl, *ffl?8B^mffi5SiS^ 
ia<£3Sv:^7^AW®i6S[W!9C*4f5r^2 5 6 iO^TffllC<7"Ji.-7'^b$ B3gB 



^^mW- 1 0-5 0 2 5 1 1 
1 2. tt^iil 1 (C8a«$nAc^Sc^v,^T. fi58Bg2»S^li. :7U-Af5)U9 

Ji^ ^ ^ T «5> (?) ffir SBfegfia J: ' J ± ^ t ^:^ao 

1 3. ffl^feii 7 PiM8B^T§ 1 2 oi^-r"n»(oaA>eii tc83ttgg nfe:^atz^v.^T. 

S^gM^mii. &1t^^<gtci58BgB«$ntffIgBP)SS/N*5'->^^r«^A^e.(0 

1 4. M^iSl 3lCt3*£$nfc:^^felc*v,^T. mir$n/cB5iBa'&}i«§i^s^<^ 
itr§;^5^v7'$^tr:^i£o 

1 5. 4 c8Be$n/c:^stc45L^T. mn^i\t:^^'^m^izMri>m 
^nint. tngB^ti^'ncD«^ii$gicj-i^&T5^mffiSiS^-\^^'ji'Coft^-i}ft# 

B^ISJ K;< <>ffi$fl58B^>fit3S K;' -f >tcRaT5>tt^ii«ilc^^-r*/ci(> coins 

*sraem$^^r5/c«<)c. >7.7^A<oi^sB7u-A<7)«^i^^g%M8BSff^ 
a r 8B« +1 Pim/ - > t taiM -r * <?)4iMisa t V 

«it837U-AJ*#^ISSir5ttolc. fl58BIB«$fttlRlSfl/^^'->t. flUgBI^ 
^7U-AC7)&B#|BJfS^izJ^fS-r*M8B«^ii<g(0S«^7^'n-7^-->3 

r 5 c t tr ^ u n fcB#iB]fl§^tc ^ ^ r . «tM ^ t>'j^ $ v-^BijgB+aKem 
13 j^i PC u . M 8311® * ^aiwism ^ aiR T 5 $ij^i^a t ^ « ^ $ ^effijs>ar^is^^ 

1 7. M^^i 6tciB«^nts^f^atci^l,^T. tagB^MtEiSiSEom^-sis 

2 5. W^m 975Mg«^^2 1 COU'r"nA^(7)t»^|cmi;83«CO:^-SCw43i,^T. tts 
t^^^^-XDB'^U. BiJ8Bl^telMf^^23l5iJ<D1B*N/2^7^C0fiBlC'?-Ji'-y'(t-t 

2 6. It*^2 5(cgB«(7):^atctii^T. W*^>C0B983N/ 2 ^Tfflti. ^SffiJS 

(7) (N/2-1) co^-T'ffiti. ^®^Bil^>^>>;^'JKo#KOA:^^>cffll,^e^nSo 

2 7. IS^^2 5lc8B«<0:^i^^ci3l^T. IS.^iDmUti/' Z^TiMff^mWi^^ 
2 8. 811^^2 7tz8BK(?):^-ai3*3t,^T. BOIB^mmi^>« v>'-KJHl. i^«fl7U 
- A ^Sffii^ifi V > # ;u T * e ^vS 

2 9. »*]I2 5 75Sa^^2 7 (Ov-^-fn A»(7)gS^^CgBKa>^i£Ct>c^T. & 

30. i«^m2 7icgBtt<o:^atctii^T, ^^rgB^'Pfflti. (xi,Yi) tm^ 

n, SB5BB^Tti, l£i^i7)t«>tzBg83^S*Ei3^3Kv>*'ii'%^Hr$E?Cc: 

W832iE&tt<7>— p^iEx^t.vu^^U^'JUtc-y-yT'U. fl5832 i^a-fifiO^*; ^ft 
X :^ u^';nc ^ y y r * :^ -r ■> y t $ « X 5 ^iSo 

3*2. H^^3 1 ^zt^m<r>yymiz^\.^T. 

S98B7.yy$n/zS^TW, ^fiffii3liS^ga<ESv:^5^A<7)a-KaS8atcjt*f5 
BlIBBaJ!!;^?^^^^^^ bC. fi98^v•:/7'$n;t^7'lC^S^.V '>«f < t tjliifira 

SfflfOitTf-ti-y h^mmri>:^y' yytmxi>yi'Ao 

3 3. ^Sffi3^3ft3:H(5S'>:^xA(C*it^i^:£B^HK^-r>ft#€<5J^-r5.X: 

;u:^: uA:jK73i£^ y ^ (?)ffi^«)/ii?T $nsi§^tcu, ?#e»ns@iS 
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fflv,ve>n*'>4-< t t)jil>^aWIS<?)-9-:?-t! 7 hCS*l5TS j lit/)-*: -;/ hTi&5J: 

x[pl = x:p- 4:©xf p-31 p(:tl0^j^?;N 

CCT, j ;5U'*N ti 1 lii±^7>S£StT'&^K j N J^:iTT'i6 M , NtilOJ:U:^# 

3 5. a^ft^3 3 S^c(il»^tt^3 4 lC85«<0:^i^tc*iV,^T, filrgBN AM 3 0 J: 

SiflBNl* 5 1 2T'$.^:^i£o 
3 7. ^MiBJM>S^gBiKiSv:^7^A<D5^ft^{BT*.oT, 

K p< < >^affiis>^ -> > :K jnc X > =1 - K r e t . 

x[p] = x[p — 4:©x[p-9: p(aiOA*(bN 

issn K ^ -r >^Sffii^-:& V > jnz X > □ - KT 5 ^^<ba^ a t . 

^ u^vb, Sim 'J o 2 iiaffl tcj^-r 5 a x 4^ u/^jkos^^ ^ y^Mc <;) 

SB^fiffi5ai>^S:Kf£S v;^7^Aiz^oTffii>e.n5'>^jr<i:t,@ ift 35^H<Oi^ 

xtp} = XLp-4:ex[p-9} prtlOS»f:>N 

ZICT'. j St/Ntl 1 fe/±<r)SEg[T'A»;, j l±NmTT'**K N l± 1 0 <t tJ:Jt$ 
jc{p)(:t, )t!t 3F1J m p a to :2 iic «k «L -c *j o . fflKdt^ a 2 co/nj^^-;^ 



1 0 -5 0 2 5 1 1 

So 

3 8. ifi^iiS 7tC|BtKt7)i^ff|$a(c*^^T. 

3 9. 88^313 7^ A^U3 8lcgBKc7>i^ft^»i::*i^r. W5IB<£J^/f;^li. 2i^ 

4 1 . Ifl^]g3 7 75^18^^3 9<0v,vf n/)><7)t9^^lCgB«ii<7>iiim^a(C43l^T 

. s5SBN*f'i 3 o<i:^J;*:$l^ii^tz(±, mi^n\^<Dmmn^m\\iztiKi ^w.^ 

2 9#g. 3 0#g{/)1Sll. ftSB^^tCA^A^t^ef Of ^^j^m^So 

4 2. fS^3l3 7 75MW^^4 1 (7)l^fn A>a>i9^^tz|B«03^m^fi(:i*i^.^T 
. B5gax-5';^ K'J-A^«0SB<K:^M*:x:cJg^r5ff>ic$fe35:^. mgBJUffi^ati 

-o^iEx#.;u+'U'-<;ncj^LT7 y yu. 2 iiSit1B<^^*J ^ ^x^-ju^'u^^ju 

u T 7 5 j^fi^ao 
4 3. a^]i4 2izietea)j^m^ai-'tei'^T. BogB^-vy^n^c^^T'w. 

a5JS>^^8BlKJii->:^5^A<DSIi^St^g9CJ^FGT5ittt^ao 

4 4. H|^^3 7 75Sa^^4 1 CO\,^f nA'Og8AR^tCg3tliC0J^ftlSatC43V,^T 

. miBT^-^:^ h'j-A5miBiEiii/N-xicjs^-r5(?)tz$t5:^. MiBi^m^ai* 

. flilSB j ffi(D2ilS[1SC0-o^iEx^.ju^u^';Kc^^^UT^7 7'U. m^\n<r> 

2 iSStfB »J ^ m X JU=^ u^';utzi^ L T V y b . tirgB/f 5? - >(7)I5gS^ -y 
y ^ tv /c X ^« ju ^- u --v-yu ^ ^©(T)-^ T'fll tc yibr ^ j^lta^ao 

miBT-- ^ h 'J - A:gu*fi5gBm^Btl31 K ^ < >\t^ ^ iik^J -^7. tcjg^r 5 ;t 

4 9. IB^^4 8tzt3«<OiS^I^atC*it^T, ffiFSBisJiil/f^li. 2 ^^^Sirtl A 

5 0. HI*1I4 8*ttil9^^4 9lcgB«Wi^fI^at::43L^T. $ etc. 

>Sv>*'^u4'ic^fiBrs^ffl^a*fis^. 

g5IB4S6^teEll. g3IB^IB^a<0?glc. B5g3Rf?S:B#|5] K> Off^^BfrSST^- 
^r >t h - A 4= ^J&r Jilft^ao 

5 1. M^^5 Oic83«c0i^ti^a(ci3i^r. flOgB^HSiaii. (Sftit^M^Hi^ 

ti^ar'^tj. «iriBNii5 i 2 T&sii&tt^ao 

5 2. »^^4 9 75^gS^il5 1 (Ol^-fn A^W»^mc8g«<?>5^msatCi3t^T 
, mSBNA^l 3 0 J:*J:^§t^ii^lcn. SrrgBp;?:£B^ra Kp* < >(i^OifiS:«tc^* 
ItSmi 2 9#S. 3 0#gOfflli. 63gB^ieic*»*»t> e> 0 

fi^a. 

5 3. ^fiffii^iS^H$ilfflrS<K3S->^7^AT*oT. 

tis^'^psB/t^'-^i^tsr^/cftco^u-Ai^ag/x^i-vv-x^w-r^t 

th\z^ •>>;J-:ji't<Ki^t-S/c«>0]Sfi^iat. 

gSSa t , SngBiSSfl >--K;1' t :^ O > K -r S » OStt v > ?K JU:^ > i> . 
fi58B^Si§ttv>'i^^i'*':7> h<?)^':7> h5S(Cfe^^r*B#|SliC'>^f < t h 1 o«sn 

8Bi^ti^a**e><oi^sg/t5(->^-^t;MgB®stt->>jKJu$}fittir5:7u-AiHi 
m^m^t^^i.. Bng3iEis$nzzv>;K^u^Sftrsfci:t>(c, -^n^ipe* 

■r'-^' $B2^§-rSX:^^>(7)S^f^la^: Si»it5»{SiSi>;^5^A, 



-9- 



{eoS T 5 fEj^ V T" A o 

- / \*- 7 U - A (7>JR?t<7> V > :J-OUT' ^ 5> {ej* v X x A o 

5 6. S9^^5 3 TiSIII^fcii 5 5 n*^(;)IB^JllcgBK0f£i2iv:^7^AtZi5 

*6 tu ^ n ^ci^i sfl / N- i> - > ^ ^ ij ffi -r 5 <K 3s ■> ^ X A o 

5 7. H^]1 5 3 75SHi^^5 6 <?5i^-f nA^<7)a^3ltC|Bt!<7){55^->:^5^A(C* 

(?>7^^. ^ tc ^tm^<Dm7jk ^m^^r^tzi^ izmmnmm ^ '>4- < 1 1> i o<7)«[ 

^ t It I6c 1- S <S V :^ X A , 

5 8. Sfl^^S 7 (ciBt!^C0^Ei3iv;^xAC^i^,^T. fi08B7U-A[^l>B^ati. 15 

uy\y-i^mmif^t>nx\.^^t^i.cit. $ e.c:7u-A(s)Sfl^^aBi«-r5tto 

OKK«^>*^r§Ci:CJ:imiB7U-AI^»H^EtlL. ^U-APJSfl^^lB 
1«T5;^c«ncMKSSS»tc?;tt.>7?u-Aai^^igST5^£j^v:^xA, 
5 9. ^Stt6iSi^^P^{^ffi-refsJI&v:^xAT'*»oT, 

mi^>t:}\^tf'y>^ cyph'^ij ^ > h ScTMiiii ^ ti -> > =J-Oko i ^ i: U T<eS $ 

n5^'tPI^^^*^^->^^^g-r5>/i:^t>£07^-AlP)8ay\•^^->v-::<^:t-r5^: 

S^at, :7^-Afl^^c'^^,^8^^IBtfiS1tB#|Bl vffi^ BirSBtlig^atrJvU. 



1 0-5 0 2 5 1 1 

'>4-< 1 1 1 oco«3gB3^m$iaA*e»a5(^)^/N-5J->^'^t;i58Bt$Sfiv>^'Ji'S 

ist^fu, 7?u-AP]«fl^KmL, ^LT'£'^(c^5i;T7u-APigg$gss-rs/c 

t>iz, ^ n;&^6x-^'^I2^#r5/iit><0S|t^at *<iS^^»fEj^">^xA, 

6 0. ifl^^5 9^cg3tt^o^£Jliv:^5^Atz*i^,^T. |fISB:7^-A|^sma(±^ Jt 

/ ^• 5? - > tZ !!g U T fiil SBSm^a IC $ n Tl ^ ^ i-tPSIS i: J:b«t r 5 C t tc J: 

»JUrlB:7U-A[^»B^E?lU. 7U-A(^Sfl(7)^^^. * t(ifi^<7)^^$#t^T 

5.;^v:«>tzffiilBJ:fc<Sigm^'>4-< tt> 1 o<7)«t^ii:J:b«£-r5feiMv^xAo 

6 1. gfl^^e 0tctBttiO|51|£->;^xAtC43i,vT. BiflB^U-AI^Sfl^ati. 15 

t^7^-Af^^fl/>^^^t)nT^,^st tcii. $ etr^u-AiPiBfl^siBtt-r^tS) 

Oi9SI«^}*^r*ii:(cj;*;g5aB7U-AP)«B^E?IU. 7U-AIP)gg$mB 

tl'r5^cit)tzioiBgss«(zii^^.^7u-A»^&issr5ai^v;^xAo 

6 2. P)»fl:7U-AA<'>/j:< n5Pl»^/N*^->$#t.\ #mffi)^>IE^ 

ilHEj|^v:^xA(Ctitt5 7U'-AP]8S$gt^I-r5:^ST'*oT. 
<a) ft5IB!5)S^7U-Ali^®mrS;^x-yyi:. 

(b) tt«cisms**/ie,-rfc«)iz. iaSBI^8B:7U-Afii^3t^f5T5.l^»fl/^i>- 

> (r>%^m% t imr s ^ ^ -y r . 

(c) -?\^-umm<n^^^tzitm^(r>m7F^^mt %>tzi^){z^ mBit«iifem 

6 3. SU^iie 2^z|e«^0:^-^tz^3l,^r. S5l37ix-A|^lIByN-^->U j ffito-t: 
■yh^-^^, ^(7)j1S(i. li(T0^5tlZ<toT;*^?nSN«<7)S[5ljA^e>SiR$ 

>c[p] = x[p-4]©x[p-9] ptllOS^tX 

3CT% j :5t/Nti 1 ii^±^7)Sg3aT^^K JC±NOTT'**K NlilOJ:^;*:^ 



« 2 <7:3 ^jc i= : 



6 4. i»^^6 2 ^ /cWIB^^e 3(Z|B«iO:^^t±^ 6(Z. 

(d) B<ri3J:b(6£;^xvr (c) *ffl^(lB7^-Ai^^*f$^t»^Tt^5^^:^^-r 
t^izii. :7u-A[^8S^MaHt8-r5^c«>izHeM%;*:£-r5:^x-y:/t. 

(e) 7^'-AIPl8fl$mB«T5^c^^>lzMSBfflS^»(Z^^^l,^7U-AJ»J^^8Sfi 

6 5. 3Sfma;st>'©jt^a^«x^^sffi2^>«^s<Ei3^>:^xA(zj3i:^5 7L' 
- A i^sso tzm<r>z^u - Ap)SS(;><s r- o r , 

® i^aiRissti# ^ s^rfiB®^t^latz^5ia&r s t «> ic . M83^sffiig>s^S'f£ii& > 

;^xAcom3iimS^atzT, SmBx-^'-b-y hrttzii i -Dcom 

i:^^tZfSi;T7^U-A|^«||tKm. SU^/*/ct±, mB«TS/i»Cfi5IBSft 
$^aizrffiv,^^>nSttt)tz. '>^ir< tt,(^Sfl/f5f->$^<i^. 658Bx-5'-t: y 

ht>55:ox--iSf-b y ^ra^c}^lA^n*[^^7^-A^:£:sl6^Jlz^K^^-r5;^x•yy 

6 6. m^^6 5^ztB«^0:^'^tc^3^,^T. fi9i3^Sffi5*aE^ffi v^^t^ A(i. 65IB 
6 7. a*«6 5 SftliSfi^^e 6tZ8BttiO:^Slctii^T, B5IBi5J^/^;^(i, 2 
6 8. H^JSe 5 7iSffll*^6 7(;)^,^■fn*><DB^^^(C8^K<0:^alZ^3^,^T, 65 

xrp:=xcp— 4:-®x[p-9: pn-io^^f^N 

<- x -iplci, aft CO SR r> * B <r> c ae Et (tfc -r- o . ffli^t^ -^^^ o 2 sowitE *r l -r 



6 9. ^3Kt?)]SifiEfa#IS^fiJfflr«.^giBill^;it^iif£3^v:^xAiz*ilt5 7U- 

mssffi $ 2 isstfli^T tz ^ ju- y^br ^:^^vft. 

0r8B2mSt1S(?)1 -PSiEx4^;u4^U/<JKZ7'y7'L.. 6583 2 i£SSt«(05t *J S<i 

S5SB^ y y $ *i /jS^T € . mSB^Sffii^i^^lB^Ki!^ -> :^ x A<0Jc[^5r 565gB 
g|>mWSgtzJ^UT^+i^'nS5*J^T5X7^vyt. 

*6^8B:7U-APIRBx-4^*^«-r5/ci()tz. J^fGI-^ffrgS^ -y ti^c^T 
CZ^eL^^i^/Jr< i:t>658B®ififfi[«BH<Oi^:?'-b-y h £ ^Kr * ^^t^ -y ^ t . 

S5 83^^18 3^ u - A [sisbt^' - 5r $ <Ki^r 4 ;^ X -y r t * a i 5 

7 0. Hl^)16 9tzaB«e<7):^-Slz*iV.^T, 6583a!l^aS7U-A(;>|^aBT-'-5ili. 
^SffiJS>fi V > J u T' 5 :^^o 

7 1. g»^is7 otzg3tt<?):^^tzi5t^r. fi58B2isa«co&^7'iiasfSt^;*s: 

e5ifi2iESifi0&^Tti. (XuYi) i:^$n. S^c, i58BS^Tti. 

i5io/cifttzfinge^Sffij^ifiv>^;ju*^Kr5B?iz^^ffl^ n*E5iJ(ot«>(oa3S 

7 2. SB^^S 97iSfiB^^7 1 (Oi^^-fn A^<on^^(Z83tgO:^^tZ^i,vT. B5 
83:7 1 — Af^^/^4i->i± j ffiS-^^ii. -tOjffltl. l-riTO^^lZjioTj^SlS 

x[p] = x[p-4l©x[p-9j ptaiOi^^^N 

CCT. j SUNlil ti±coeaT'*»K jliNtiTr-A^K N(ilO<tiJ±$ 



-10— 



^^mw- 1 0 - 5 0 2 '5 1 1 



7P> h^-v(7))^^ 

(81)*i^[l EP(AT, BE, CH, DE, 

DK, ES, FR, GB, GR, IE, IT, LU, M 
C, NL, PT, SE), AM, AT, AU, BB, B 
G, BR, BY, CA, CH, CN, CZ, DE, DK 
, EE, ES, Fl, GB, GE, HU, JP, KE, 
KG, KP, KR, KZ, LK, LR, LT, LU, L 
V, MD, MG, MN, MW, MX, NO, NZ, PL 
, PT, RO, RU, SD, SE, SG, SI, SK, 
TJ, TT, UA, US, UZ, VN 

y\ 880 



-11 — 



1 0 - 5 0 2 5 1 1 



INTERNATIONAL SEARCH REPORT 



bMB tal Ap|9iicttion No 

l>CT/US 95/08587 



A. CLASSrnCATION OF SUBlECr MATTER 

IPC 6 H04L5/06 



Aoconlini to tntnnattonii Patent Qagirica&on (IPC) or to bolt national dasanciUon and IPC 



D. FIELDS SEARCHED 



Minimum domimcntatioti senrchfld rdaaificataon sycUm followed by cluafioAtkOh EymtlotK) 

IPC 6 H04L 



Docunwnabon cearched oiher than miinmum documentanon to the exttnt mat such doamcTts are included in (he fields tcarched 



Electronic data bas< conailted during the tntcmaaanal learcti (nane of dau base and, v^ure practical. Mardi terms used) 



C DOCUMENTS CON5lDER.GI> TO BE RELEVANT 



Category * 



Cteaaon of oocumeni, wtih iDdicadon. wturc apprvpnaic, of the relevant paasafcs 



BclcTAnt to «laim No. 



IEEE TRANSACTIONS ON COMMUNICATIONS, 
vol. 33, no. 7, July 1985 NEW YORK US, 
pages 665-675, 

CIHINI 'Analysis and simulation of a 
digital mobile channel u&ing orthogonal 
frequency division multiplexing' 
see abstract; figure 13 

WO-A-95 05042 (UNIV BRITISH COLUMBIA) 16 
February 1995 

see abstract; figures 9,14 

see page 3, line 27 * line 31 

see page 21, line 23 - line 26 

see page 23. line 29 - page 24, line 5 

see page 24, line 21 - line 25 

see page 25, line 13 - line 17 

see page 27, line 3 - line 10 

see page 27, line 21 - line 31 



1-17 



□ 



Further dociirncnU are listed in the ooattnutfliOTi Of box C. 



Patent (anily ttttmbcn ore listed in inmx. 



* SpcetaJ cate^mcs of dud doeumeiits : 

'A* document dermiag ttre grr^m} fUt< of the art t»4uch it not 

conndered to l>c oT particular rtlevuice 
'E* earlier documoit but puMiihcd on or after the intoitational 

fiUn|data 

*L* dootstent which tna; ihiow doubts on phority daiin(3) or 
wtudi is cated to cxtatiuh the public atioa dale of another 
cstabon or other tfwmi r**Mk (as cp«cia«d) 

*0' document icfcnins to an oral discleaure. uic, oftubision or 



*P* document fiihllched prior to the intoTkational filing dau btn 
Ulcr than tfic pnority d«U cUimed 



T" laEer do otiactt laihtehed aAo fhc intemstioaak filing dau 
or prionty date snd notw coafhet iMith the tmUcaaon but 
deed to MndczstBid the pnnctple or theory ladeilyiiif Ike 
invest! OS 

"X* docomcni «r puticvltf tskvaaees the daimad anvtsbon 
omat be oomidcrcd ntrvd or cannot bt consklcred (d 
involve an mventive Oep v^nm the docuncm is taken ftlooc 
doanncm of paiiKdar ictcrancc the daicni inveiiboD 
csxBOl tK coandcrcd to involve in inTcative vticn the 
doonttent is oontnned vitb one or norc other nieti Axn- 
menn; nt^ conitaimtioa being obnous to a pencsi aldlled 
in the art. 

*&' d^yumrml ncnber ef the came patent family 



Dale of the actual con^lciion of the internanonai searcb 

18 October 1995 



patt of nmilinf of the istcrnaiianKl search repm 



2 E 10. 95 



N«m« andtttailiagAd^heaeof the ISA 

Eorepcan Pafient OfSoe, P.B. 5818 PatenOaan 2 

ML - 3380 HV Ri^pt 

T«l.(-^ 31-70) J4O-2040,Tx. 31 651 cpo nl, 

Far <-f 31-70) 340.3016 



Acthonzcd oflkxr 



Striven, P 



Fenn PCT/ISA/ain (Mcml d»«»t) ilely »W1) 



-12- 



^^mW- 1 0- 5 0 2 5 1 1 



INTERNATIONAL SEARCH REPORT 

icniuoon on psicnt fkmily mm ixn 



tftttnr- **ia] ApplieatiaQ No 

PCi/dS 95/0a687 



Potent document 
cited in search report 



Publioauofi 
date 



Pat«nt faniily 
member{s) 



Publication 
due 



WO-A-9505042 



16-02-95 



U5-A- 
AU-B- 



S444697 
7454794 



22-08-95 
28-02-95 



k fCT/lSA/310 (poKiiraraiti mtmj\ (Jsit wn) 



-13- 



